Abstract Chlorpyrifos (CPF) is one of the most heavily used organophosphate pesticides and is useful as an insecticide drug. However, CPF also causes toxic effects in nontarget organisms, including humans and animals. Jageum-Jung (JGJ) is a traditional oriental medicine, composed of five specific herbs with antioxidant and hepatoprotective properties, used for detoxification. In the present study, highly concentrated CPF was orally administrated to male Institute of Cancer Research mice to produce acute toxicity, and the protective effects of JGJ administration were investigated through statistical analysis of changes in body and organ weights and serum biochemical parameters. JGJ caused body and organ weights to recover and reduced the levels of serum biochemical parameters indicative of liver damage, such as glutamic oxalate transaminase, glutamic pyruvate transaminase, alkaline phosphatase, lactic dehydrogenase, urea, glucose, total cholesterol, and triglyceride, that had been increased by CPF treatment. Our results demonstrated that JGJ ameliorates the effects of acute chlorpyrifos-induced toxicity. Therefore, JGJ has the potential to be used as a traditional medicine to alleviate insecticide toxicity.
Introduction
Chlorpyrifos (O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl) phosphorothioate, CPF) is a broad spectrum organophosphate pesticide which is used in domestic and industrial applications all over the world [1, 2] . CPF is known to inhibit acetylcholinesterase activity, which results in the accumulation of acetylcholine at cholinergic synapses [3] . CPF also affects other systems, including the liver [4] , kidneys [5] , lungs [6] , brain [2] , and erythrocytes [7] , which elicits associated toxic effects, such as hepatic dysfunction [8] , hematological and immunological abnormalities [9] , and neurotoxicity and neurobehavioral changes [10] .
Herbal medicines target multiple cellular pathways to counteract impaired cellular function dysregulated due to a variety of causes, such as infection and toxicosis [11] . However, herbal remedies have yet to be fully integrated into mainstream medicine due to a lack of experimental and clinical studies of their safety, efficacy, and underlying pharmacological mechanisms [12] . Therefore, multi-herbal cocktails must be pre-clinically evaluated to accurately compare traditional herbal medicines with modern therapeutics. The traditional oriental medicine Jageum-Jung (JGJ) is a mixture of five herbs, including Galla Rhois, Cremastrae Tuber, Euphorbiae Pekinensis Radix, Euphorbiae Lathyridis Semen, and Muschus, which has been used for detoxification and for treating cancer and inflammatory diseases in Korea, China, and Japan [13] . Recent evidence indicates that the JGJ has the anti-cancer effects through inducing the apoptosis and cell cycle arrest in HepG2 human hepatocytes [14] . Furthermore, in our previous study, JGJ improved atopic dermatitis (AD)-like skin lesions in 2,4-dinitrochlorobenzene (DNCB)-treated mice and inhibited degranulation of mast cell [15] .
This study aimed to examine CPF toxicity and the protective effect of JGJ against CPF based on their effects on relative organ weights and serum biochemical parameters.
Materials and Methods
Preparation of chemicals and JGJ For oral administration in mice, chlorpyrifos (CPF) and corn-oil were purchased from Sigma-Aldrich. (St. Louis, MO, USA). JGJ was obtained from Cheung-sin herbal medicine pharmacy (Daegu, Korea). JGJ was composed of five herbs and prepared with reference to 'DongUiBoGam' and 'BangYakHapPyun'. The herbal constitution ratio of JGJ are listed in Table 1 .
Animal care and treatment
Male Institute of Cancer Research (ICR) mice were purchased to five-week-old widely used in toxicological studies from Samtako BioKorea (Osan, Korea). After acclimatization for a week, mice were randomly divided into control group (vehicle), CPF-treated group, JGJ-treated group, and CPF and JGJ co-treated group (10 mice of each group). CPF was dissolved in corn-oil, and JGJ powder was dissolved in saline, which was orally administrated to mice. For control groups, corn-oil and saline were orally administrated with same volume of CPF solution and JGJ solution, respectively. Animal treatment schedule was shown in Figure 1A . For a period of 2 days to evaluate the acute toxicity of CPF, mice received the specific dose of CPF in corn-oil (150 μL). CPF was first exposured, and JGJ was treated thirty minuites later as a post-treatment of JGJ. Only JGJ-treated group was administrated with corn-oil (150 μL) at first exposured step and administrated with 200mg/kg at post-treatment step. All groups were maintained under standard conditions of temperature (22.5±0. 
Biochemical parameters
After sacrifice all mice, blood samples were centrifuged at 3500 rpm for 20 min, and serum was separated. Total protein, albumin, total cholesterol, tryglyceride, urea, serum glutamic oxalate transaminase (GOT), serum glutamic pyruvate transaminase (GPT), alkaline phosphatase (ALP), and lactic dehydrogenase (LDH) were assessed in serum using an automatic clinical chemistry analyzer XL-200 (Erba, Mannheim, Germany).
Statistics
The data were analyzed by using GraphPad Prism ver. 5.0 software (SanDiego, CA, USA). Data are presented as means ± SD. The significance of differences was calculated using one-way analysis of variance (ANOVA), and p value of <0.05 was considered to indicate statistical significance.
Results
Animal survival, body weights, and relative organ weights affected by CPF During the experiment, 10, 40, and 60% of the animals treated with 100, 120, and 150 mg/kg of CPF, respectively, died after treatment (Fig. 1B) . After two days of exposure to CPF, compared with the vehicle control group, overall body weights were significantly decreased in the 120 and 150 mg/kg CPF treated groups. Among the five organs examined, the relative weights of the liver, spleen, and kidneys were significantly decreased by treatment with 100, 120, and 150 mg/kg of CPF compared with the weights of the vehicle control organs (Fig. 1C) .
Changes in serum biochemical parameters induced by CPF After sacrifice, there were statistically significant increases in GOT, GPT, ALP, and LDH activities in the serum of all CPF treated groups, except the 10 mg/kg group, compared with those of the vehicle control group (Table 2) . Urea levels were increased by CPF, except in the 120 mg/kg group, compared with the vehicle control. Based on these results, a dosage of 100 mg/kg CPF was chosen to be administered for the acute toxicity study.
Effect of JGJ on CPF-induced toxicity After 30 min of treatment with 100 mg/kg CPF, 50, 100, and 200 mg/kg JGJ were orally administered to each respective group. As shown in Figure 2 , the body and organ weights of the CPF-only control group animals were lower than those of the vehicle control group animals. On the contrary, the significant changes about the body and organ weights were not observed in 200 mg/kg JGJ-only treatment group. Of the five organs examined, there was almost no difference in the weights of the hearts throughout the experiment. The body and organ weights loss induced by CPF treatment was slightly reversed by JGJ treatment. The decrease of lung and spleen weights induced by CPF was recovered according to JGJ concentration dependently. In particular, the loss of spleen weight induced by CPF was recovered about 7 and 14% by treatment with 100 and 200 mg/kg JGJ, respectively. The results of the evaluation of serum biochemical parameters are shown in Table 3 . Indicators of hepatic malfunction, including GOT, GPT, ALP, LDH, total protein, and albumin activities, were decreased by treatment with JGJ. The elevated urea levels in the serum induced by CPF also decreased following JGJ administration. The levels of total cholesterol and triglycerides as lipid profiles were increased by CPF treatment compared with the vehicle control.
On the other hand, these lipid profiles were decreased in JGJtreated groups compared with the CPF-only group. Triglyceride levels were markedly decreased by JGJ treatment, especially by treatment of 200 mg/kg JGJ.
Discussion
In agriculture, pesticides are used to achieve better quality products in greater quantities. However, they have harmful effects on human health, inducing oxidative stress and neurotoxicity [16] . CPF, an organophosphorus insecticide, is a lipophilic molecule that can easily pass through the cell membrane into the cytoplasm [17, 18] . Therefore, exposure to CPF can lead to the development of oxidative stress through modification of endogenous antioxidants like superoxide dismutase, glutathione peroxidase, glutathione reductase, and glutathione-S-transferase in various tissues, which causes oxidative damage and histopathological changes in the The data are shown as the means ± SD of three independent experiments. *p <0.05 versus untreated control group (vehicle only). GOT, glutamic oxalate transaminase; GPT, glutamic pyruvate transaminase; ALP, alkaline phosphatase; LDH, lactic dehydrogenase reproductive system [5, [19] [20] [21] . In particular, the antioxidant defense function in the liver is decreased following liver damage [19] . For this reason, many studies have reported evidence that some substances and molecules from natural sources can reduce the harmful effects and correct the dysfunctions induced by pesticide toxicity. Black tea water extract has a significant protective effect on the liver tissue from the oxidative stress induced by pesticides [22, 23] . In addition, hepatotoxicity by pesticides such as malathion or diazinon can be reduced through treatment with ginger and vitamin E, respectively [24, 25] . The coadministration of curcumin and vitamin E also prevents the oxidative damages of the lung tissues in CPF-treated rats [26] . In this study, the toxicity of chlorpyrifos and the protective effect of JGJ were investigated. McCollister et al. reported the LD 50 value of CPF is between 118 and 245 mg/kg in mice [27] . Furthermore, the oral LD 50 of CPF for male rats is 135 mg/kg body weight [8] . Accordingly, to induce acute CPF toxicity, we administered 150 mg/kg CPF, which is within the range of LD 50 values for mice, and confirmed this to be an accurate value. Based on this result, at concentration of 100 mg/kg CPF, body and organ Fig. 2 Protective effect of JGJ against CPF-induced changes in body and organ weights in ICR mice. For a period of 2 days to evaluate the acute toxicity of CPF, mice received 100 mg/kg CPF in corn-oil (150 µL). CPF was first exposured, and JGJ was treated thirty minuites later as a posttreatment of JGJ. Only JGJ-treated group was administrated with corn-oil (150 µL) at first exposured step and administrated with 200 mg/kg at posttreatment step The data are shown as the means ± SD of three independent experiments. *p <0.05 versus CPF 100 mg/kg treated group GOT, glutamic oxalate transaminase; GPT, glutamic pyruvate transaminase; ALP, alkaline phosphatase; LDH, lactic dehydrogenase weights were reduced by CPF treatment, slightly recovered in JGJ administration. Especially, the treatment of JGJ markedly led to the increase of spleen weights. In acute oral toxicity study, splenic dysfunction was caused by spleen damage, which lead to the reduction of spleen weights [28] . Furthermore, splenic dysfunction is related to metabolic disorders [29] . From these evidenced reports, our results present that JGJ may affect the recovery of spleen damage induced by CPF, however, it needs the investigated study about spleen function such as determination of hematological parameters or inflammation assay to ensure these results. In this study, biochemical parameters were also investigated in order to assess changes in hepatic function and changes in lipid profile. The activities of GOT, GPT, APL, and LDH are conventional indicators of hepatic dysfunction and hepatotoxicity [20, 30] . The results of this study reveal that CPF treatment increased GOT, GPT, APL, and LDH, which may be due to hepatocyte damage and necrosis. In addition, the total cholesterol and triglyceride levels within the serum were increased during CPF exposure, which can be attributed to the effect of the pesticide on the permeability of liver cell membrane [31] . Under the same conditions, JGJ treatment reduced the CPF-induced increases in the levels of GOT, GPT, APL, LDH, total cholesterol, and triglycerides. Therefore, our results suggest that JGJ may suppress the hematotoxic effects of CPF by regulating the activities of liver enzymes and the function of hematological constituents. JGJ consists of specific herbs which have detoxifying effects. Galla Rhois is the gall produced by the aphid, Schlechtendalia chinensis (Bell), on the leaves of Rhus chinensis, and contains about 50-90% gallotannin, which has antioxidant and hepatoprotective properties [32, 33] . Cremastrae Tuber is the tuber of Cremastra appendiculata M. and contains glucomannan and colchicine, which have anti-inflammatory and anticancer properties [34, 35] . Euphorbiae Pekinensis Radix is the root of Euphorbia pekinensis R. and contains anthraquinones, anthraquinone glycosides, and euphorbol, which regulate nephrotoxicity [36] . However, Euphorbiae Pekinensis Radix commonly uses the form applied the processing method for reduction of toxicity [37] . Euphorbiae Lathyridis Semen is the seed of Euphorbia lathyris L. and contains euphorbiasteroid, lathyrol diacetate nicotinate, and daphnctin, which have the antioxidant properties [38] . Muschus comes from the musk deer and contains about 0.5-2% muscone, which has antioxidant and neuroprotective properties [39] . In previous study, we identified the major constituents of consisted herbs of JGJ, including gallic acid, methylgallate, militarin, ellagic acid, 1,2,3,4,6-penta-O-galloyl-β-D-glucose (PGG), ingenol, muscone, and eudesmin, in JGJ water extract by using a HPLC-DAD analysis [15] . Interestingly, Galla Rhois accounts for the largest percentage in JGJ composition, which makes guesses that the various gallotannins in Galla Rhois assists the hepatoprotective effect of JGJ. Therefore, our results present that the protective effect of JGJ against CPF-induced toxicity may result from the complex constituents action of JGJ in this study.
However, to build on these results, the protective effect of JGJ against chronic CPF-induced toxicity must be investigated.
